TYPES OF CATHODES 

AND THEIR USE 


In electron tubes, a cathode is an electrode which 
is the primary source of electron or ion emission. 
There are two broad classes of cathodes, l.e., hot and 
cold. “Hot cathodes” are defined as cathodes which 
are heated or otherwise operate at elevated tempera¬ 
ture (frequently incandescent) in order to function 
as emitters. In contrast, “bold cathodes” are defined 
as cathodes which do not rely on heat or on elevated 
temperature in order to function as emitters. 

^ HOT CATHODES 

Hot cathodes commonly in use in electron tubes are 
classified as directly heated, indirectly heated, and 
ionic-heated. 

A directly heated cathode, or filament-cathode, is a 
wire or ribbon which is heated by the passage of 
current through it. It is further classified by iden¬ 
tifying the filament material or the electron-emitting 
material. Such materials-in regular use are pure 
tungsten, thoriated tungsten, and metals coated with 
alkaline-earth oxides. Each of these materials has 
distinctive advantages which are utilized in the de¬ 
sign of tubes for particular applications. 

PURE-TUNGSTEN FILAMENTS are used in certain 
tubes, especially those for high-voltage transmitting 
service. Since these filaments must operate at a 
high temperature of about 2500°C (a dazzling white) 
to emit sufficient electrons, a relatively large amount 
of filament power is required. The operating life of 
these filaments is determined by the rate of tungsten 
evaporation. Their failure, therefore, occurs through 
decreased emission or burn-out. 

Pure-tungsten filaments give best life performance 
when they are operated so as to conserve their emit¬ 
ting capability. They are designed with voltage and 
current ratings in accord with the service expected 
of the particular tube type. However, in applications 
where the normal emission at rated voltage is not 
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required, the filament can be operated at a some¬ 
what reduced voltage. The extent of the reduction 
depends on the peak emission requirements of the 
application as well as on the percentage regulation 
of the filament voltage. When these are known, the 
correct operating filament voltage for any tungsten- 
filament type can be calculated from its filament- 
emission characteristic. The permissible regulation 
in transmitters may be checked by rediicing the fila¬ 
ment voltage (with the transmitter under normal 
operation) to a value such that reduction in output 
can just be detected. The filament voltage must then 
be increased by an amount equivalent to the maxi¬ 
mum percentage regulation of the filament-supply 
voltage and then increased further by approximately 
2 per cent to allow for minor variations in emission 
of individual tubes. It follows that the better the 
regulation, the less the filament operating voltage 
and, therefore, the longer the filament life. 

It should be noted that a reduction of 5 per cent in 
the filament voltage applied to tubes with pure-tung- 
sten filaments will approximately double their life. 
A reduction of 15 per cent will increase the filament 
life almost tenfold. 

During long or frequent standby periods, pure-tung- 
sten-fllament tubes may be operated at decreased 
filament voltage to conserve life. When the average 
standby time is an appreciable portion of the aver¬ 
age duty cycle and is less than 2 hours, it is recom¬ 
mended that the filament voltage of all but the 
largest types be reduced to 80 per cent of normal; 
and that for longer periods, the filament power be 
turned off. For the largest types, such as the 898, it 
is recommended that the filament voltage be reduced 
to 8^0 per cent of normal during standby operation 
up to 12 hours; and that for longer periods, the fila¬ 
ment power be turned off. 

For turning on filament power, a filament starter 
should be used so as to increase the voltage gradually 
and to limit the high Initial rush of current through 
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the filament. It Is important that the filament cur¬ 
rent never exceed, even momentarily, a value of 
more than 150 per cent of normal, unless the tube 
data specify otherwise. Similarly, as an added pre¬ 
caution, the filament power should be turned off 
gradually to prevent cooling strains in the filament. 

THORIATED-TUNGSTEN FILAMENTS are now used 
mainly in certain transmitting and special tubes. 
Thoriated-tungsten filaments are made from tung¬ 
sten Impregnated with thoria. Due to the presence 
of thorium, these filaments liberate electrons at a 
more moderate temperature of about 1700°C (a 
bright yellow), and are, therefore, much more eco¬ 
nomical of filament power than are pure-tungsten 
filaments. The operating life of thoriated-tungsten 
filaments is ordinarily ended by a decrease in elec¬ 
tron emission. Decreased emission, however, may be 
caused by the accidental application of too high 
filament, screen, or plate voltage. If the over-volt¬ 
age has not been continued for a long time, the ac¬ 
tivity of the filament can often be restored by oper¬ 
ating the filament at its normal voltage for 10 min¬ 
utes or longer without plate, screen, or grid voltage. 
The reactivation process may be accelerated by rais¬ 
ing the filament voltage to nt>t higher than 120 per 
cent of normal value for a few minutes. This reac¬ 
tivation schedule is often effective in restoring the 
emission of thoriated-tungsten filaments in tubes 
which have failed after normal service. Sometimes 
a few hundred hours of additional life may be ob¬ 
tained after reactivation. 

The operating voltage of a thoriated-tungsten fila¬ 
ment should,-in general, be held to within ±5 per 
cent of its rated value. However, in transmitting 
applications where the tube is lightly loaded, the 
filament may be operated on the low side—as much . 
as 5 per cent below normal voltage. As conditions 
require, the voltage should be increased gradually 
to maintain output. Toward the end of life, addi¬ 
tional service may be obtained by operating the fila-> 
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ment above its rated voltage. It should be noted that 
a tube having a thoriated-tungsten filament should 
never be operated under emission-limited conditions 
since this type of operation may overheat the tube 
and cause permanent loss of emission. 

During standby periods in transmitting service, tho¬ 
riated-tungsten fllamentB may be operated accord¬ 
ing to the following recommendations to conserve 
life. For short standbys of less than 15 minutes 
duration, the filament voltage of all but the largest 
types should be reduced to, 80 per cent of normal; 
for longer periods, the filament power should be 
turned off. For the largest types, such as the 827-R 
and 861, it is recommended that the filament voltage 
be reduced to 80 per cent of normal during standby 
operation up to 2 hours; and tliat lor longer periods, 
the filament power be turned off, 

COATED FILAMENTS are used In receiving tubes, 
certain transmitting tubes, most mercury-vapor rec¬ 
tifiers, and some special tubes. Coated filaments 
employ a relatively thick coating of alkaline-earth 
compounds on a metallic base as a source-of elec¬ 
tronic emission. The metallic base carries the heat¬ 
ing current. These filaments operate at a low tem¬ 
perature of about 800*C (a dull red) and require 
relatively little power to produce a copious supply 
of electrons. 

For proper performance of these types, rated fila¬ 
ment voltage should, in general, be applied at the 
filament terminals. However, when coated-fllament, 
high-vacuum tubes are used in transmitting service 
with light loading, the filament voltage may be re¬ 
duced as much as 5 per cent below normal to con¬ 
serve life. Then, as conditions require, the voltage 
should be increased gradually to maintain output. 

, Toward the end of life, the gradual Increase may be 
carried above rated filament voltage to obtain addi¬ 
tional service. In the case of gas or vapor tubes, it 
is important that these types be operated, in general, 
at rated filament voltage. However, if the line regu- 
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lation regularly and consistently does not exceed 1 
to 2 per cent, it is practical to reduce the filament 
voltage slightly (not over 5 per cent) with benefit to 
tube life. 

During standby periods of less than 15 minutes, the 
filament voltage of quick-heating, high-vacuum 
types, such as the 1616 and 1624, should be reduced 
to 80 per cent of normal; for longer periods, the fila¬ 
ment power should be turned off. In contrast, the 
voltage of coated filaments in gas or vapor tubes 
should not be reduced during standbys except under 
conditions explained in the preceding paragraph. 
In general, the filament voltage of small and me¬ 
dium types, such as the 866-A/866 and 872-A/872, 
should be maintained at normal rated value during 
standbys up to 2 hours; for longer periods, the fila¬ 
ment power should be turned off. For large types, 
such as the 857-B, the filament voltage should be 
maintained at normal rated value during standbys 
up to 12 hours; for longer periods, the filament 
power should be turned off. 

After having given normal service or after having 
been operated at excessive voltage, coated filaments 
lose their emission. When such is the case, their 
usefulness may be considered as terminated. 

An indirectly heated cathode, or heater-cathode, con¬ 
sists of a heater wire enclosed ,in a thin metal sleeve 
coated on the outside with electron-emitting mate¬ 
rial similar to that used for coated filaments. The 
sleeve is heated by radiation and conduction from 
the heater through which current is passed. Useful 
emission does not take place from the heater wire. 
An Important feature of this kind of cathode con¬ 
struction is that the functions of heating and emis¬ 
sion can be independent of each other. 

HEATER-CATHODES, or unipotential cathodes as 
they are frequently called, are used in high-vacuum 
tubes operating at low plate voltage, such as receiv- 
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ing tubes, low-power transmitting tubes, and small 
special tubes. They also find application in mercury- 
vapor tubes and in catbode-ray tubes. Heater-cath¬ 
odes, like coated filaments, provide a copious supply 
of electron emission at low cathode temperature 
(a dull red). 

I 

For proper performance of heater-cathode tubes, 
rated heater voltage should, in general, be applied 
at the heater terminals. However, when heater- 
cathode high-vacuum tubes are used in transmitting 
service and are lightly loaded, the heater voltage 
may be reduced as much as 5 per cent below normal 
to conserve life. As conditions require, the voltage 
should be increased gradually to maintain output. 
Toward the end of life, the gradual increase may be 
carried above rated heater voltage to obtain addi¬ 
tional service. 

During standby periods of less than 15 minutes, the 
heater voltage of high-vacuum tubes should be 
maintained at normal rated value; for longer 
periods, the heater power should be turned off. In 
the case of vapor or gas tubes, the heater voltage 
should be maintained at normal during standby 
periods up to 12 hours; for longer periods, the 
heater power should be turned off. 

An ionic-heated cathode is one which liberates elec¬ 
trons when it is subjected to intense positive ion 
bombardment. The bombardment may be so intense 
as to raise the temperature of the cathode, fre¬ 
quently causing it to become visibly hot. The ionic- 
heated cathode in radio tubes has found application 
in gas rectifiers intended primarily for automobile 
receiver service. 

COLD CATHODES 

The designation “cold cathode” is commonly used in 
referring to those cathodes which emit electrons 
when they are subjected to bombardment by other 
electrons, Ions, or metastable atoms. Cathodes of 
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this type are sometimes designated as secondary- 
emission cathodes. They are used in certain glow- 
discharge tubes, and also in multiplier phototubes 
where they contribute to electron multiplication in 
the successive dynode stages. 

Not customarily referred to as cold cathodes, al¬ 
though they are such, is another group of emitters 
known as photocathodes. By definition, a photo* 
cathode is one which emits electrons when it is 
energized with radiant flux, such as light, infra-red 
radiation, or ultra-violet radiation. Such cathodes 
are used in phototubes. When used in gas photo¬ 
tubes, these cathodes not only emit under the in¬ 
fluence of radiant flux but also as a result of bom¬ 
bardment and thus become partial secondary-emis¬ 
sion cathodes. 

Photocathodes are classified according to the spec¬ 
tral response characteristics of their respective 
photoactive surfaces. The SI photosurface gives 
high response to red and near infra-red radiation. 
The S2 photosurface is similar to the SI surface but 
extends somewhat further into the infra-red region. 
The S3 photosurface has a spectral response charac¬ 
teristic which is closest to that of the eye. The S4 
photosurface has exceptionally high response to blue 
and blue-green radiation with negligible response 
to red radiation. 

Exposure of photocathodes to intense light, such as 
direct sunlight, may decrease the sensitivity of the 
tubes in which they are used, even though there is 
no voltage applied. The magnitude and duration of 
the decrease depend on the length of the exposure. 
Permanent damage to a phototube may result if it 
is exposed to radiant energy so intense as to cause 
excessive heating of the cathode. 
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